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Study the Estimation of the Number of Bridging Fibers of
Multidirectional Glass/Epoxy Laminates Using the
Acoustic Emission Signals

Hyun-Jun Cho*, Seung-Ah Oh*, In-Gul Kim*'

ABSTRACT: This paper presents a study on estimating the number of bridging fibers in multidirectional glass/epoxy
composite laminates using acoustic emission signals. DCB test was conducted for analyzing the fracture behavior of
multidirectional composite laminates, and acoustic emission sensor was utilized to measure the elastic wave generated
upon specimen fracture. For unidirectional composite laminates, the initial number of bridging fibers was estimated
through reference paper and fiber volume fraction. To estimate the initial number of bridging fibers for multidirectional
composite laminates, the relative ratio of acoustic emission signals was utilized. The estimated number of bridging fibers
was applied to FEM, and the results of FEM showed good agreement with experimental results.
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Table 1. Parameters of UGN 160 B and composite laminates used

in Ref.[16]
Fiber Fiber . In1t¥al ﬁber
. Width, w bridging
diameter, d;  volume
Y ) (mm) length, [,
(mm) fraction, f,
(mm)
UGN 160 B 0.015 0.55 5 0.2
Ref. [16] 0.015 0.40 5 0.2
M
J+
N
z
h
N A4
L) L |
| width |

Fig. 3. Cross-section of composite laminates

Table 2. Distance between fibers and the number of fiber per
unit area in single layer

Distance (Number of fiber .
. .| Initial number of
between |per unitareain| . .
. fiber per unit area
fibers, L outer layer (ea/mm™)
(mm) (ea/mm™)
Ref. [16] 0.0226 44 14+ 10
UGN 160 B 0.0193 51 16 +12
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Fig. 4. Tri-linear traction-separation law for CZM[7]
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Table 3. Material properties of UGN 160 B
E, (MPa)
40,710

E, (MPa) W G,,(MPa)
10,000 0.32 3,570

Table 4. Stacking sequence of DCB specimens

Specimen Stacking Sequence
Specimen A [0,4//0,6]
Specimen B [0,4//+30/-30/0,,]
Specimen C [0,4//+45/-45/0,,]
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(c) Specimen C

Fig. 8. Images of fiber bridging
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Table 7. Ratio of AE energy using with failure modes

Specimen A | Specimen B | Specimen C
Matrix cracking (%) 49.82 47.47 57.42
Fiber/matrix peel-off (%) 40.28 39.42 27.66
Fiber breakage (%) 9.90 13.11 14.92

Table 8. Number of bridged fiber using AE signal and bridging

strength
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The number of
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placement curve between experimental and FEM
results
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